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The eutrophication of estuaries follows patterns that are well known in their

broadest aspects but poorly known in detail. Moriches Bay on the south shore

of Long Island is a textbook example (Odum, 1959) of estuarine eutrophication.
While the principal cause of eutrophication here was known to be effluent from

intensive duck farming along tributaries of the bay, it was aggravated by cesspool

seepage and by closure between 1951 and 1954 of the only direct access to the

ocean, Moriches Inlet. During this period the bay became anaerobic in summer,
a situation that has been alleviated by dredging Moriches Inlet and by the gradual
decline in duck farming. The bay bottom, however, contains organic sediments

several feet deep in some of its more eutrophic reaches. In an effort to learn

more of the details of the changes associated with eutrophication of estuaries and
as a part of a longer term series of studies of the estuaries of Long Island, I have

made an extensive survey of the subtidal benthic macrofauna of Moriches Bay.
Moriches Bay is a shallow lagoon located centrally along the south shore of

Long Island (Fig. 1). The lagoon is separated from the open Atlantic by the

Fire Island barrier beach through which one inlet is open to the sea. Channels

also provide exchange with Great South Bay to the west and Shinnecock Bay to

the east. The lagoon is 11.4 square miles (2963 ha) in area and averages 4 feet

(1.2 m) in depth. The highly permeable drainage area of the lagoon is 80 square
miles (20,720 ha).

Various aspects of the eutrophication of the bay have been examined, estab-

lishing the existence of a shift in the flora to "small forms" of phytoplankton.
The blooms of these small forms was thought to have been favored by high nitrogen
concentrations in reduced forms, increased temperature, and other factors (Hul-

bert, 1970; Ryther, 1954). High summer concentrations of these phytoplankton
were correlated with the decline of commercial oyster populations in Moriches

and Great South Bays (LI. S. Federal Water Pollution Control Administration,

1966a, 1966b). It is also probable that reduced flushing of the bay resulted in

the nuisance concentrations of the midge, Tcndifics attcnuatns (Walker) in the

early 1950's (Jamnback, 1954; Jamnback and Collins, 1955, 1956).

During two successive summers oxygen deficits caused localized disappearance
of macrofauna in the Forge River, the major tributary of Moriches Bay (Myren,
1964). Anaerobic conditions have been sufficiently widespread to generate enough

hydrogen sulfide to discolor the paint of homes adjacent to Moriches and Great

South Bays (U. S. President's Science Advisory Committee, 1965), and to

cause virtually the full range of effects observed under the most severe condi-

1 Present address : Marine Sciences Research Center, State University of New York at
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tions (U. S. F.W.P.C.A., 1966a, 1966b, 1967, 1968). Barlow and Myren
(1961) discuss the heterotrophic nature of the Forge River in summer.

Sediments in Moriches Bay include well-sorted sands in the shallow flats around
the bay margin and extending about one-third of the distance into the bay from
Fire Island (Xichols, 1964). The sands grade into clayey silts which predominate
in the deeper areas. Poorly sorted sand-silt-clay and silty sand "transitional"

sediments occur in zones between the bay margins and deep areas. Burrowing
invertebrates cause mottling of transitional and midbay clayey silt cores. Thin shell

layers occurred in many of Nichols' (1964) cores and in many benthic grabs during
this study. Organic deposits derived from duck farms and from the decay of plants
whose growth was stimulated by nutrients from the ducks and elsewhere. These
"duck sludge" deposits are often several feet deep and contain more than 10%
organic matter by dry weight (Nichols, 1964). Sandy gravel and stiff clay de-

posits underlie Moriches Inlet but are not found elsewhere in the bay.
Eel grass (Zostera marina) is the dominant vegetation, covering most of the

sand flats. It has a discontinuous distribution in deeper water. The annual

productivity of eel grass probably approximates the average June standing crop,

i.e., "maximum site" biomass, of shoots in areas where it is present (1100 g/m
2

)

estimated by Burkholder and Dohetiy (1968) in Great South Bay. A variety of

attached algae are abundant only in small patches. The composition of macro-

algae in Moriches is similar to that of the ajoining Great South Bay which has

been surveyed by Koetzner (1963).
Benthic community structure is conventionally related to environmental param-

eters at several stations sampled repetitively over time. This approach permits
evaluation of associations between fauna and sediment properties, current speed,
etc. However, given data from a few purposely selected stations, it is not possible
to appraise the precision with which sample observations reflect the natural com-

munities. Thus in this study samples were selected randomly in order to embrace

and estimate the spatial heterogeneity so commonly acknowledged in benthic com-

munities (Holme, 1964).

My emphasis is, therefore, upon estimating the community structure of benthic

assemblages inhabiting defined biotopes. I am much less concerned with small-

scale associations between benthic forms and the milieus of particular sampling
stations.

METHODS

Bottom samples were taken from April 1969 through June 1970 with a Ponar

grab. This small sampler, equipped with additional weights, provided consistently

deep grabs of approximately 0.05 m2 surface area except in sandy sediments.

The grab did not penetrate beyond 3 to 4 cm in sand (c.f. Powers and Robertson,

1967). The relatively unbiased nature of the Ponar grab has been discussed by

Flannagan (1970), Hudson (1970) and Kajak (1971). Of the nine samplers in

Flannagan's (1970, page 1699) detailed evaluation, he found, "The Ponar and

Shipek grabs . . . came closest to being all-sediment samplers. . . ."

Sampling locations were selected by relating random numbers to coordinates

of latitude and longitude, except 14 purposely selected samples mostly from

dredged channels. Two replicate grabs were taken at each of 72 stations, and
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no station was sampled more than once. Locations of the 72 sampling stations,

i.e., 144 grabs, are shown in Figure 1. Samples were washed through 1-nim

mesh screens. All fauna were preserved in 10% buffered formalin after relaxation

in propylene phenoxetol or MgSO4 . Each specimen was weighed individually to

three significant digits after blotting dry from preservation in formalin. Mollusc

shells were not weighed. Specimens of each taxon were then stored permanently
in 70% alcohol. The data on frequency and weight distribution were recorded

on keypunch forms. Punched data cards were then edited by a computer program
and converted to magnetic tape for subsequent analyses.

FORGE
RIVER

O I 2 3

KILOMETER

FIGURE 1. Locations of benthic samples taken in Moriches Bay, New York.

Replicated measurements of sediment redox potential were taken from one

sandy and three transitional stations using a Beckman G pH meter with platinum
and calomel electrodes.

Nomenclature follows Hartman (1959, 1965) for polychaetes, Abbott (1954)
for molluscs, and Smith (1964) for all other taxa. Authors are provided for

binomials not referenced by these authorities. Identifications were to species

when possible. Of the amphipods, the Caprellidae only were identified to species.

RESULTS

The 72 samples yielded evidence of five substrates that were sufficiently dif-

ferent among themselves to warrant recognition as separate biotopes.

Sandy sediments make up about 37% of the bay bottom. Clayey silt and

silt sediments make up about 33%. Transitional sediments, i.e., sand with
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admixtures of from 25 to 80% clay and silt, cover about 20% of the bay bottom.

Dredged channels make up the remainder, about 10%. The sandy biotope may
be subdivided by distinguishing between ( 1

) sandy sediments with dense vegeta-

tion, and (2) sand with sparse or no vegetation. Also considered separately were

temporal phases of the nonsand sediments : the deeper areas with transitional,

clayey slit, or silt sediments, some of which suffer prolonged oxygen depletion in

summer. These potentially anoxic areas are all greater than 1 m deep, but exclude

channels, and do not have appreciable tidal currents.

Bottom salinities in the open bay have ranged from 23 to 31% during the

course of this study, while Moriches Inlet has remained stable since its enlarge-
ment in the spring of 1958. Salinities of less than 23% have not been encountered

at any of the stations in tributaries of the bay. Bottom temperatures ranged
from to 27.7 C. Values above 20 C were common in July and August even

TABLE I

Numbers of individuals per m2
of benthic taxa in Moriches Bay

Taxa
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TABLE II

Biomass (wet weight, g/m-) of benthic taxa in Moriches Bay

Taxa
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TABLE IV

Bininass (wet weight , g/m 2
) of dominant species in Moriches Bay. Species listed in order of dominance

by weight. Upper list contains species with average biomass > 0.5 g/m'
2 in any

major sediment classification. Lower list contains less dominant species

averaging > 10 individuals fm 2 in any major
sediment classification

Species
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A rather striking feature of benthic structure is the low value of average dry

weight. The mean ash-free dry weight of < 5 g/m
2

is rather evenly distributed

among the three main sediment types (Table III).

HERBIVORES
0.2 g/m

2 .-UNKNOWN

SANDY SEDIMENT

2.7 g/m
2

6. 8 g/m
2

HERBIVORES

2.0 g/m
2

TRANSITIONAL SEDIMENT

UNKNOWN SUSPENSION
0.5 g/m

2
x /O.l g/m

2

CARNIVORES
O.I g/m

2
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2

DREDGED
CHANNELS

CLAYEY SILT SEDIMENT

HERBIVORES 2 . 8 /m z
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VEGETATEDSEDIMENT
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FIGURE 2. Relationships between sediment types and biomass (g/m
2

,
wet weight) of

benthic feeding types. Areas of the circles are proportional to total wet weight biomass.
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Table IV enumerates the biomass estimates of dominant species encountered.
The large rarer specimens of the hard clam (Alcrccnana nierccnaria), blue mussel

(Mytihis editlis) and other species induce great variability in these biomass esti-

mates. The number of samples taken and their random selection do not insure

usefully precise indications of biomass, even for the dominant species. Considera-
tions of sampling precision will be taken up in another paper.

To help assess the influence of oxygen concentration on the benthos, a set of

samples were characterized as probably suffering from prolonged summer oxygen
deficits. Redox potentials in the upper 2 cm of three such stations averaged
-236 mv, indicating anoxic conditions. Benthic samples taken from July through
September were compared with stations of the same sediment types which either

do not suffer oxygen deficits, or had some time to recover from summer oxygen
depletion. While most of the latter ("recovering") stations probably underwent

TABLE V
Numbers/m 2 and ash-free dry weights /m? of benthic taxa from stations with, and

without, low oxygen concentrations. All stations are from transitional,

clayey silt, or silt sediments
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channels was 1.3 (SE 0.41) as opposed to a mean value for the rest of the

bay of 4.6 (SE ~ 0.25).

DISCUSSION

The low standing crop of benthos in Moriches Bay (< 5 g/nr, ash-free dry

weight) appears to be less than crops observed in areas with less primary pro-
duction than Moriches Bay. Perhaps the most comparable area is the small

coastal lagoon in Scotland studied by Raymont (1947, 1949). Estimates of pri-

mary production are apparently not available for this area, but estimates of

benthic standing crop (using 1-mm mesh screens also) rose from about 4 g ash-free

dry weight per square meter to a maximum of 20 g after 2 years of artificial

fertilization (Raymont, 1949). The data from Sanders (1956) have been com-

TABLE VI

Moriches Bay estimated annual net primary productivity
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ductivity was 1 142 g/m 2
, dry weight. Comparable productivity values for marsh

grass stems were: Spartiua altcrniflora, 549 g/m
2

; S. patens, 502 g/m-; and
Distich I is spicata, 645 g/m 2

. Table VI illustrates the estimated net annual pro-

ductivity of Moriches Bay proper, assuming 45% of the aboveground marsh

productivity is exported to the subtidal areas of the bay as degraded organic
matter and bacteria, as found by Teal (1962) in a Georgia salt marsh. The
area of marsh adjoining Moriches Bay, and its dominant plant composition, was

kindly provided by Mr. Roy Haje, New York State Department of Environmental

Conservation, from a review of aerial photographs and correlated field surveys.

To the 178 gC/m 2 annual net productivity calculated in Table V must be

added the carbon enrichment by duck farm effluent. Perhaps the single most
useful measure of duck farm effluent is total BODcontributed to the Bay. During
most of the recent life of the Bay (1940-1965) an average of about 1.4 X 10 6

kg BOD/yr have been flushed into Moriches Bay from duck farms (U. S.

F.W.P.C.A., 1966). This is equivalent to 1.4 X 10= g BOD/nr/yr, on average,
but most of this organic loading is concentrated during the summer months and
it is not evenly distributed in the Bay. Since 1965 efforts have been made to

reduce the organic and nutrient loading by installing aeration lagoons and settling

ponds. Recently available data from Mr. Kenneth Johanson, Cornell University
Duck Research Laboratory, indicates that the annual BOD loading from duck-

farms has been reduced to about 3.3 g/m
2

during 1970. Thus it seems clear

that in the recent past, the benthos of Moriches Bay have had much more bound
carbon available to them than the benthos of other environments discussed above.

The lower average weight of individuals at stations under oxygen stress (Table

V) is consistent with the hypothesis that, throughout much of the deeper sedi-

ment summer oxygen deficits kill many benthic species or at least retard their

growth rates. It is also likely that these areas with low oxygen concentrations

are annually recolonized by larval forms of a few species (Table IV). It is also

clear from Table IV that Hetcroiuastits filiformis is the only species clearly ex-

hibiting greater biomass in the anaerobic sediments. This species is similar

anatomically and probably physiologically to the closely related Capitella capitata.

C. capitata is widely recognized as a cosmopolitan species tolerant of, and often

flourishing under, oxygen stress (Reish, 1955, 1957, 1959; Felice, 1954; Hen-

riksson, 1969). Conversely, a number of species which are intolerant of oxygen
stress are more abundant at the aerobic and recovering stations, e.g., Nassarins

obsolctus, Pitar uiorrhuana, and Clymenella torqitata (Table IV).

Despite the influence of oxygen tension, a number of additional factors almost

certainly conspire to suppress benthic standing crops, perhaps synergistically with

oxygen depletion. Large scale shifting of sediment was noted during the course

of this study. It seems likely that such agitation and sediment deposition could

destroy at least the newly settled stages of many species (Rhoads and Young,
1970). There are also substantial layers of dead shell widely distributed in

deeper waters. These shell layers could interfere with the establishment of

infauna, as suggested by Sanders (1956) at one of his Long Island Sound sta-

tions. Residues of DDTwere found in concentrations of 0.28 Ibs/acre (0.31 kg/'ha) in

subtidal sediments and 13.1 Ibs/acre (14.7 kg/'ha) in Spartina mats at the edge of

Great South Bay (Woodwell, Wurster and Isaacson, 1967). The marshes ad-
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joining Moriches Bay have been treated with DDT under the same mosquito
control program. The impact of such DDT levels upon fiddler crabs (Uca
pngna.v) has been studied by Odum, Woodwell and \Yurster (1969) and the

possible selective uptake of toxins such as DDT adsorbed to clays and silts, par-

ticularly by nonselective deposit and suspension feeders, has been discussed by
Carriker (1967). It is possible that DDT and other toxins have contributed to

the inhibition of benthic production, particularly of carnivores and nonselective

detritus feeders. The degree of predation within the benthic communities and by
fishes and birds is unknown. However, Blegvad (1928) and Raymont (1947)
have provided convincing evidence for measurable fish predation upon estuarine

benthic communities.

The dominance of suspension feeders in sandy environments and dominance of

deposit feeders in fine sediments has already been discussed by Sanders (1958),
Rhoads and Young (1970), and others. Lacking information on the amount and

quality of resuspended sediment, it is not possible to clearly ascribe this relation-

TABLE VII

Qualitative comparison of mollusc species abundance in 193S and 196970

Commonto abundant in 1938, Commonto abundant in 1969-70,
now rare rare in 1938

Acteon punctostriatus Bittium alternatum

Eupleura caudata

Nassarius trivitattus

Crassostrea virginica Mulinia latcralis

Mya arenaria Tellina ngilis

Nucula proximo,

ship in Moriches Bay either to a paucity of food for suspension feeders over fine

sediments, as suggested by Sanders (1958) or to the several influences of instability

in the biogenically reworked sediments as described by Rhoads and Young (1970).
It is clear that biogenic reworking of fine sediments in Moriches Bay is not

done by the influential bivalves described by Rhoads and Young (1970) in

Buzzards Bay. These species, Nitcnla proximo,, Macoma tcnta, and Yoldia lima-

tula, are either rare or not found in Moriches Bay. In fact, the only two bivalves,

with estimated densities greater than 15 individuals/m
2 in clayey silt are Tellina

ai/ilis and Alitlinca lateralis ; TcUina only being a deposit feeder. Several abundant

polychaetes are undoubtedly responsible for biogenic reworking in Moriches Bay :

Clymenella torqnata, Pcctinaria i/oitfdii. and several of the Capitellidae.

Historical comparisons

A benthic survey of Moriches Bay and other Long Island estuaries is sum-

marized by Townes (1939). Because this early survey provides only qualitative

information, it is possible to detect only striking changes in benthic species com-

position. Differences in abundance of polychaetes are not considered because of

possible confusion introduced by misclassification. It is possible to determine with
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reasonable certainty, however, changes in abundance of several molluscs (Table

VII).
The decline of the eastern oyster (Crassostrca virymka) is documented from

catch statistics (Nassau-Suffolk Regional Planning Board, 1966). The oyster

decline is not clearly attributable to any single factor. Blooms of nannoplankton
in the 1950's clogged the gills of oysters, reducing their production and market

quality. However, the commercial concentrations of oysters in Moriches and

Great South Bays had been maintained for many years by the commercial trans-

plantation of spat from other areas. Commercial oyster transplantation also

ceased in the late 1950's. The disease MSXwas also identified as a cause of

oyster mortality in the 1960's, and may have been present long before its identifica-

tion. It is likely that the thick-lipped drill (Eupleura can-data') declined because

it relied upon the oyster for food. The almost complete absence of soft-shell clams

(Mya arenarm} is somewhat unexpected since they can tolerate rather high loads

of organic matter (Henriksson. 1969). While it is possible that large indi-

viduals burrowed deeper than my grab penetrated in sand, it seems certain that

many more small specimens would have been found if soft clams were abundant.

The increase in abundance of B it t lit in altcrnatitm since 1938 is probably asso-

ciated with the widening distribution of eel grass since its decline in the 1930's.

Stauffer (1937) has emphaszied the close association between eel grass and B.

alternatum on the Massachusetts coast. Muliiiia lateralis seems more successful

in clayey silt and silt sediments than is indicated in the Long Island Sound data of

Sanders (1956). This fast-growing, short-lived species probably has widely fluct-

uating densities from year to year, particularly at specific locations.

Species diversity

Several explanations for spatial and temporal differences in benthic diversity

have been summarized by Sanders (1968).
Pielou (1966) has pointed out that the Shannon and Weaver (1963) average

diversity index (H' - -
Spilog, p;, where pi is the proportionate abundance of

the i'th species) is independent of sample size if the sampled area is truly repre-

sentative of the community from which it was taken. I am not aware of any
benthic studies which estimate the proportionate abundance of essentially all

species in a community well enough to justify strictly the use of Shannon and

Weaver's (1963) index, which may be viewed as an approximation of Brillouin's

(1962) information measure:

H = : 1/N (log, N!--21og, Ni!)

when each NI (number of the i'th species) is large enough to permit use of

Sterling's approximation to the logarithm of a factorial. Pielou (1966) also

points out the typical problem, in practice, of bias in the average diversity (H')

due to a number of small Nj, even if the proportionate abundance of rare species

is accurately estimated.

Thus H was calculated (as preferable to H') for several biotopes of Moriches

Bay. Exact values of log, N! and log, N
4 ! were calculated for values of N < 175 ;

Sterling's approximation being used for larger values. Comparisons were made

between means of sample H values from sand, transitional, clayey silt, summer
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samples from clayey silt and transitional areas with summer oxygen depletion,

samples from these areas after at least four months of recovery from oxygen deficits,

and dredged channels. The Student Newman-Keuls test for multiple comparisons

(Sokal and Rohlf, 1969, pages 242-246) was used to test for differences between

means of H from these biotopes. The diversity of dredged channels was sig-

nificantly less (P C 0.05) than each other biotope, but no significant differences

were detected between any two of the other biotopes.
This inability to detect significant differences in species diversity among sedi-

ment types raises an important question. How powerful is the significance test

used? That is, what is the probability of finding biologically meaningful dif-

ferences in diversity if they really exist? This risk, or error, was evaluated using:

n > 2 (a/SY- {t [T] + t, fl . P)[vl }
2

as given by Sokal and Rohlf (1969, pages 246-249) where: n == number of

replicates; o- == true standard deviation - -s = : 1.81 in this study; S
~

the smallest

true difference that it is desired to detect, taken to be 1.38 in this study, i.e., the

observed difference between means of H in transitional and clayey silt biotopes ;
v =

degrees of freedom of s -- 59 in this study; P (=/?) i.e., the desired probability
that a difference as small as 8 will be found to be significant; trvi and to (1 _p)rv]

-

values from a two-tailed t table with v degrees of freedom and corresponding to

probabilities of a and 2(1-P), respectively. Given the effort in this study of 62

replicated samples, the /? error is > 60%, i.e., the probability is less than 0.4 that

we will detect (at a -- 0.05) a difference between two sediment types of AH - - 1.38

which is presumed to exist. To reduce this ft risk to 0.2, it would have been

necessary to take 84 replicated samples.
As in most ecological field studies, my limitation to 62 replicated samples was

dictated almost entirely by the practical consideration of available manpower, not

by a priori assessment of the likelihood of answering particular questions. This

is a serious flaw in many ecological studies. It is clearly evident in this study, if

a real difference of 1.4 between the diversity of two biotopes is judged biologically

meaningful. Thus it seems likely that if benthic studies are to critically assess

species diversity (and other structural parameters of communities) they must em-

ploy appreciably more sampling effort than is typical of benthic studies. (The
further importance of well-designed sampling strategies is even more evident.)

Because of obvious differences among studies such as various screen mesh sizes,

sampling gear, etc., it is not possible to compare the species diversity of Moriches

Bay with most other studies. Differences in sampling strategy also make com-

parisons difficult or impossible ; the expected variance of H from randomly selected

samples, as taken in this study, will be higher than the variance of repeated

samples from a few fixed stations. Indeed, it is typically impossible to compare
with any confidence the diversity of samples from natural communities, given

repeated samples at purposely-selected stations, because the sample variance will

inevitably underestimate the population variance.

Despite the lack of comparability between this study and all others it seems

likely that the species diversity of Moriches Bay is somewhat higher than that

of a Rhode Island coastal lagoon studied by Phelps (1964). Phelps' diversity
values (calculated as H') averaged 2.1 in "mud" and 2.8 in sand. Since his
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sample sizes (0.13 m2
) were essentially the same as used in this study, and since

he used 0.5 -mm mesh screens as opposed to the 1-mm mesh used here, his ex-

pected sample values of H would average larger than mine if the two areas had

the same species composition. Phelps also identified species of all amphipods,
u-hereas I identified only the caprellids, which should even further increase his

diversity estimates. Thus, Moriches Bay diversity values (H : : 4.6) are sig-

nificantly higher (!' < 0.001. using Student's t test) than those of Phelps (2.4)

if the sample variance of H in Phelps' lagoon is identical to that of Moriches Bay.

100

T

CLAYEY SILT
SEDIMENT

TRANSITIONAL
5EDIMENT

SAND
SEDIMENT

1000 2000 4000 6000 8000 10000 12000

NUMBEROF INDIVIDUALS

FIGURE 3. Rarefaction curves (- -) and empirically derived "species/individuals" curves

(- -) for all taxa sampled in Moriches" Bay. Amphipods, except Caprellidae, are not

included.

Sanders' (1968) rarefaction index of species diversity has also been calculated

for all species encountered in Moriches Bay (Fig. 3). It must be noted that

the algorithm given by Sanders (1968) for his rarefaction curve results in

higher numbers of species at almost all frequencies of individuals than are

actually experienced in sampling. This is because Sanders' rules for generating
rarefaction curves result in consistent overestimates of the numbers of species

encountered at all levels of sampling intensity except near both extremes of a

rarefaction curve. This feature of rarefaction curves does not rule out their

use as indices of diversity, but the curves do not strictly portray the regression
of numbers of species encountered on numbers of individuals sampled. Thus, as
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shown in Figure 3, the rarefaction curves are consistently above the correspond-

ing curves calculated from the averages of species and individuals found in all

possible combinations of samples taken 1, 2, 3, etc., at a time. These latter curves,

are identical with the classical "species/area" curves widely used in ecology ;

the units of the abscissa in Figure 3 are simply average number of individuals

per (cumulative) unit of area. The units of the abscissa could as well be cumula-

tive area sampled, without changing the coordinates of the curve at all. Thus
the curves of Figures 3 and 4 are called "species/individuals" curves without

any implication that they are yet another diversity measure. It is also clear

that neither these curves nor rarefaction curves are independent of sample size

MORICHES BAY
CLAYEY SILT

/ MORICHESBAY
/ TRANSITIONAL

/ SEDIMENT

MORICHESBAY
SAND SEDIMENT

\

THOMAS(1970)
PRINCE EDWARDI.

ESTUARY

SANDERS(1968)
BOREALESTUARIES

I i I I I I

1000 2000 4000 6000 8000 1 0000 12000
NUMBEROF INDIVIDUALS

FIGURE 4. Rarefaction curves (- ) and empirically-derived "species/individuals"
curves (- -) for bivalves and polychaetes.

(Greig-Smith, 1964, page 151). While techniques are not available for sta-

tistical comparison of either measure of diversity shown in Figure 3, most of the

difference between the curve for sand sediments and those of other sediment types
is due to the preponderance of jllytilits cditlis and Gemmagcinino in sand samples

(9686 individuals, or 79% of all specimens from sand samples).
Since Sanders' (1968) rarefaction curves, and those of Thomas (1970)

include bivalves and polychaetes only, a comparison of rarefaction and "species/
individuals" curves for these taxa is given in Figure 4. The Moriches Bay curves

in this figure are much steeper than those of both Sanders and Thomas from
boreal estuaries, primarily because my study employed random sampling of species
almost always contagiously distributed, in contrast to the repetitive sampling at

fixed stations by Sanders (1968) and Thomas (1970). It is important to note
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that the rarefaction method was designed as a measure of "within-habitat" di-

versity (Sanders, 1968, page 243). That is rarefaction curves have been generated

by Sanders and others from samples within rather homogeneous species assem-

blages. Rarefaction curves will differ from "species/individual" (or species/area)
curves less as the sample universe becomes more homogeneous. Indeed, when
all samples are from essentially the same location, the resultant species/indi-

viduals and rarefaction curves should differ very little. Sanders and his colleagues

are currently exploring the question in more detail. Thus no diversity comparisons
are made between this study and the diversity of Buzzard's Bay studied by Sanders,
or of Bideford River, Prince Edward Island, studied by Thomas.

Unsatisfactory results were found in attempting to trace the seasonal growth pat-

terns of even dominant species. While this technique has been used by Sanders

(1956) to estimate benthic productivity and by Lie (1968) to estimate the

growth rates of some benthic species in Puget Sound, I was unable to estimate

growth rates of any species. Given the sample-processing effort expended in this

study (about one man-year) I question the desirability of expending the effort

required to estimate species-specific productivity rates of the benthic macrofauna

by this method in species-rich estuaries.

All the data gathered in this study are available on magnetic tape from the

National Oceanographic Data Center, Rockville, Maryland. Included in these

data files are codes indicating the feeding types assigned to species.

Research carried out at Brookhaven National Laboratory under the auspices
of the U. S. Atomic Energy Commission. I am indebted to the Systematics-Ecol-

ogy Program staff at the Woods Hole Marine Biological Laboratory, and par-

ticularly to Mrs. Katherine Hobson and Miss Johanna Reinhart for sharing their

taxonomic and ecological knowledge.

SUMMARY

Quantitative sampling of the subtidal macro-benthos of a shallow temperate

lagoon shows several structural features of benthic communities in five biotopes.

Attempts are made to relate past and present qualities of benthic structure to

long-term nutrient and organic loading of this lagoon. While overall benthic

species composition has apparently not changed drastically since a 1938 qualita-

tive survey, some important changes in dominant species composition appear
to be associated with the biology of these principal species. The best estimate of

average annual standing crop of the macro-benthos (< 5 g/nr, ash-free dry

weight) is lower than estimates in somewhat comparable estuaries, apparently
because of low oxygen concentrations over extensive areas during summers,
which derive in turn from large summer influxes of nutrients and organic matter

into this poorly flushed lagoon. Clear-cut associations between sediment type
and mode of feeding of the benthos are demonstrated ; suspension feeding inverte-

brates dominating in sandy sediments, and deposit feeders dominating in soft

clayey silt bottoms. Species diversity appears to be homogeneous over most of

the bay, with very low diversity in dredged channels. The need for more, and
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more carefully allocated, sampling effort in benthic studies is emphasized, given
the imprecision in community structural features, particularly species diversity

and hiomass of genera and species.
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